temperatures and the athermal, tunneling behavior at low temperatures within a simple, unified framework. 
where the σ's are Pauli spin matrices located at lattice sites i and j, the J ij 's are longitudinal couplings, and Γ e is an effective transverse field, perpendicular to the Ising axis and proportional to H t 2 for small H t . In the Γ e = 0 limit, atomically thin domain walls separate regions with σ z = +1 from σ z = -1. This wall is dynamically stable for Γ e = 0 because H commutes with σ z ; the domain wall has infinite mass. For non-zero Γ e , the The technique we use to probe domain wall motion is magnetic susceptometry, which measures the incremental changes in magnetization due to an infinitesimal oscillating field. For a ferromagnet, such changes correspond to the growth of domains polarized parallel to the field at the expense of domains with antiparallel polarization.
The growth occurs via domain wall motion of the type illustrated in Fig. 1a . If the motion is fast on the scale of the measuring frequency f, the susceptibility ( ) f χ will be frequency-independent, while, if it is slow, the domains will not be able to follow the ac field and the in-phase part of χ will be reduced. The simplest motion is relaxational, and is characterized by a single relaxation time τ. For classical barrier hopping, τ will follow a thermally activated Arrhenius form,
, with microscopic attempt frequency m f and barrier energy ∆. In the quantum limit, the rate at which the wall can tunnel through the same barrier will be the squared amplitude of the wavefunction on the other side of the barrier a distance w o away. For a square barrier, this is
Thus, by measuring ( ) 
where ( )
is the Debye response 18 . Our strategy, therefore, is to
, and then to examine the implications for the evolution of ρ(τ) with T and Γ.
We plot in Fig 
In Eq. (4), prefactors ρ o and ρ 1 provide normalization, while the 1/τ form of the second term yields the observed logarithmic divergence, with cutoffs at the low and high ends, τ l and τ h , dictated by the data (τ h is only observable for a few curves at the highest T and Γ). The delta-function at very short times accommodates the flat spectral response at high frequencies.
Given the simplicity of ρ(τ), the parameters τ l and τ h summarize the entire the quantum critical field Γ c (T=0) beyond which the material is paramagnetic (Fig. 3a) .
Below T ~ 0.1 K, there are clear deviations from Arrhenius behavior, with f o becoming temperature-independent as T → 0. The crossover temperature to quantum behavior 6 increases with Γ; at high transverse field the increased tunneling probability permits the quantum regime to extend to higher T. This observation, combined with the continued evolution down to the lowest temperatures of the Γ -T phase diagram of Fig. 3a , proves that the saturation in f o is intrinsic and not due to a thermal decoupling of the sample from the dilution refrigerator.
The transverse field is far more efficient at relaxing the system in the quantum regime than in the thermal regime. The comparative advantage is most apparent in varies more rapidly with Γ than does ∆ (Fig. 1e) ; the principal effect of the transverse field in this part of the Γ-T plane is to reduce the effective mass of the domain walls.
The barrier width w o , which characterizes the distances over which the domain walls must hop, should be fixed by the frozen impurity configuration and ought to be independent of Γ. Hence, we attribute the reduction of mw o 2 with Γ to a reduction in m, describable by
, where λ is a constant (solid line in Fig. 1e ).
The simplest expression for the entire T-and Γ-dependent relaxation is based on assuming that classical and quantum processes provide independent relaxation channels.
Thus, we simply add the quantum and classical forms identified above, i.e.
Here, f m characterizes the response time of the most weakly-pinned domain walls and A further test of the tunneling and hopping particle model for domain wall motion (illustrated in Fig. 1b and encapsulated by Eq. (5)) is whether it applies to more than just the fastest processes, derived from the lowest barriers. In particular, can a single mass account for the entire spectral response in both the classical and quantum regimes exhibited for a single Γ in Fig. 3b ? Indeed it can, as evidenced by the solid lines through the data. This three-parameter fit is derived from a fixed barrier distribution function ρ(∆), shown in Fig. 1c , such that for each ∆ and T, the relaxation time is given by Eq. 
, along the Ising axis with a standard gradiometer configuration, using digital lock-in amplifiers for the reference and signal channels. The energy splitting Γ between the originally degenerate Ising doublet (Eq. (1)) is calculated from the laboratory transverse magnetic field H t using the known crystal field levels of the Ho 3+ ion 24 . 
